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(54) Method and apparatus for ultrasonic blood flow display 

(57) In a power Doppler ultrasonic blood flow display 
apparatus, according to a moving signal Z representing 
moving of a btood flow display region, display changing 
means comprising changers (77, 78) and a change con- 
troller (79) displays a B-mode image also to a blood flow 
display region (84) while the blood flow display region 
(84) is moved, and displays a blood flow image when the 
moving of the blood flow display region (84) is stopped. 

Consequently the B-mode image of the target can 
be easily caught even while the blood flow display region 
is moved. 
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Description 

BACKGROUND OF THE INVENTION 

In medical ultrasonic imaging apparatuses, ultra- 
sonic wave is irradiated into an object to be examined 
and two-dimensional distribution of blood flow is dis- 
played in a color image by power of a DoppEer signal. 
Being different from a method of displaying blood flow by 
frequency of a Doppler signal, a method of displaying 
blood flow by power of a Doppler signal cannot display 
direction and speed of blood flow or speed dispersion 
but has unique function that existence of blood flow and 
its strength can be displayed at high sensitivity and high 
S/N ratio. In view of the unique function, this method 
becomes one of useful blood flow display methods. 

In such an apparatus, as described in reference 
"Diagnostic Imaging", December 1993, pp. 66-69, a 
blood flow display region is provided in a part of a B- 
mode image display region and a blood flow image is 
displayed in the blood flowdisplay region. The blood flow 
display region can be moved freely in the B-mode image 
display region using an operation device, thereby a blood 
flow image in a desired region under study can be dis- 
played. 

The blood flow image is displayed by color corre- 
sponding to power of a Doppler signal, for example, by 
violet red, orange, yellow in the rising order of the power. 
A portion without blood flow is displayed by color other 
than the above, e«g. ( by blue, and can be clearly distin- 
guished from a portion with blood flow. Since a blood flow 
image by power of a Doppler signal has a good S/N ratio, 
a portion without blood f tow is colored entirely with uni- 
form blue. 

Therefore as shown in Fig. 6 for example, when a 
tumor image 83 is displayed in a B-mode image display 
region 82 on a display surface 81 of an image display, in 
the case that a blood flow display region 84 is moved to 
a portion including the tumor image 83 so as to display 
blood flow of the portion, if the blood flow display region 
84 overlaps with the tumor image 83 on the way of the 
moving as shown in Fig. 7, the tumor image 83 is hidden 
and comes out of sight and the target cannot be con- 
firmed. 

In general, since an ultrasonic transducer, e.g., an 
ultrasonic probe is made touch an object to be examined 
by an operator, its direction is liable to vary. Therefore 
the deviation of the direction of the transducer must be 
corrected while viewing the screen, so that the tumor 
image 83 always appears on the display surface. How- 
ever, if the target comes out of sight at the way of the 
moving as above described, even when the direction of 
the transducer is deviated, it cannot be corrected. Con- 
sequently it becomes unclear that the blood flow dis- 
played on the blood flow display region 84 be blood flow 
at the desired portion certainly. 



SUMMARY OF THE INVENTION 

The present invention is in a method and an appa- 
ratus for ultrasonic blood flow display, where when a 

5 blood flow image in a power Doppler mode is displayed 
to a part of a B-mode image display region by ultrasonic 
wave, the B-mode image is displayed in place of the 
blood flow image while the blood flow display region is 
moved, and the blood flow image is displayed while the 

w blood flow display region is stopped. 

An object of the present invention is to realize a 
method and an apparatus for ultrasonic blood flow dis- 
play where a B-mode image of a target can be easily 
caught even while a blood flow display region is moved. 

15 The first invention is in a method for ultrasonic blood 
flow display where a blood flow image by power of an 
ultrasonic Doppler signal is displayed to a blood flow dis- 
play region movable within a B-mode image display 
region, characterized in that the B-mode image is dis- 

20 played within the blood flow display region while the 
blood flow display region is moved. 

The second invention ts in an apparatus for ultra- 
sonic blood flow display comprising B-mode image form- 
ing means for forming a B-mode image based on an 

25 ultrasonic echo signal, blood flow image forming means 
for forming a blood flow image based on power of an 
ultrasonic Doppler signal, display means for displaying 
the B-mode image formed by the B-mode image forming 
means, and for displaying the blood flow image formed 

30 by the blood flow image forming means to the blood flow 
display region formed within the B-mode image display 
region, moving means for moving the blood flow display 
region , and display changing means for displaying the B- 
mode image within the blood flow display region while 

35 the blood flow display region is moved. 

In the first invention, the B-mode image is displayed 
in the blood flow display region while the blood flow dis- 
play region is moved* and the blood flow image is dis- 
played in the blood flow display region when its moving 

40 is stopped. ^ 

In the second invention, according to the display 
changing means, the B-mode image is displayed in the 
blood flow display region while the blood flow display 
region is moved, and the blood flow image is displayed 

45 in the blood flow display region when its moving is 
stopped. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so Fig. 1 is a block diagram showing configuration of 
main part of an apparatus in an embodiment of the 
invention; 

Fig, 2 is a block diagram showing whole configura- 
tion of an apparatus in an embodiment of the inven- 
55 tion; 

Fig. 3 is an operation explanation diagram of an 
apparatus in an embodiment of the invention; 
Fig. 4 is an operation explanation diagram of an 
apparatus in an embodiment of the invention; 
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Fig, 5 is an operation explanation diagram of an 

apparatus in an embodiment of the invention; 

Fig. 6 is an operation explanation diagram of an 

apparatus in the prior art; and 

Fig. 7 is an operation explanation diagram of an 5 

apparatus in the prior art 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the present invention will be 10 
described in detail referring to the accompanying draw- 
ings as follows. In addition, the present invention is not 
limited by the embodiment. Fig. 1 is a block diagram 
showing configuration of main part of an apparatus in the 
embodiment of the present invention, and Fig. 2 is a is 
block diagram showing whole configuration. In addition, 
a method of the embodiment of the present invention is 
shown in operation of the apparatus in the embodiment 
of the present invention. 

First, explaining the whole configuration, in Fig. 2, so 
numeral 1 designates a transducer, numeral 2 desig- 
nates a transmitting/receiving circuit numeral 3 desig- 
nates a B-mode signal processor, numeral 4 designates 
a B-mode image memory, numeral 5 designates a Dop- 
pler signal processor, numeral 6 designates a CFM ss 
image memory, numeral 7 designates an RGB circuit, 
numeral 8 designates an image display, numeral 9 des- 
ignates a controller, numeral 10 designates an operation 
device, and numeral 101 designates a track ball. 

The transducer 1 is an ultrasonic probe for example, 30 
which is made touch an object to be examined (not 
shown) and irradiates ultrasonic wave into the object to 
be examined under control by the controller 9 according 
to a drive signal supplied from the transmitting/receiving 
circuit 2 and detects an echo signal returned from the 35 
inside of the object to be examined. The transmit- 
ting/receiving circuit 2 supplies a drive signal to the trans- 
ducer 1, and receives and amplifies detected echo 
signals and inputs the signals to the B-mode signal proc- 
essor 3 and the Doppler signal processor 5 respectively. 40 

The B-mode signal processor 3 processes an echo 
signal supplied from the transmitting/receiving circuit 2 
under control by the controller 9, and prepares image 
data for B-mode image display and writes the data in the 
B-mode image memory 4. In this embodiment, the B- 45 
mode signal processor 3 corresponds to the B-mode 
image forming means in the present invention. 

The Doppler signal processor 5 processes an echo 
signal supplied from the transmitting/receiving circuit 2 
by a pulse Doppler method under control by the control- so 
ler 9, and prepares image data for displaying a CFM 
(Color Flow Mapping) image regarding blood flow 
dynamic state, i.e., respective image data (CFM data) 
representing rate of blood flow, power of the Doppler sig- 
nal, dispersion of the blood flow rate or the li ke and writes 55 
the data in the CFM image memory 6. In this embodi- 
ment, the Doppler signal processor 5 corresponds to the 
blood flow image forming means in the present invention. 



The image data written in the B-mode image mem- 
ory 4 and the CFM image memory 6 respectively are 
read out under control by the controller 9, and converted 
into a plurality of color element signals for color display, 
e.g., RGB (Red, Green, Blue) signals by the RGB circuit 
7 and supplied to the image display 8 and displayed as 
images there. In this embodiment, the RGB circuit 7 and 
the image display 8 correspond to the display means in 
the present invention. 

The operation device 10 controls operation of the 
apparatus of this embodiment by operating the controller 
9. The operation device 10 is provided with a track ball 
1 01 for moving a cursor or the like on the display surface 
of the image display 8. The track ball 101 is operated 
also when the blood flow display region is moved. In this 
embodiment, the operation device 10 having the track 
ball 1 0 1 corresponds to the moving means in the present 
invention. 

Fig. 1 is a detailed block diagram of the RGB circuit 
7. In Fig. 1, numeral 71 designates a B-mode data RGB 
converter, numeral 72 designates a CFM data RGB con- 
verter, numeral 73 designates an RGB coefficient gen- 
erator, and numerals 701 , 702 and 703 designate an R 
signal generator, a G signal generator and a B signal 
generator respectively. 

"me B-mode data RGB converter 71 converts B- 
mode data read out of the B-mode image memory 4 into 
RGB signals, and the CFM data RGB converter 72 con- 
verts CFM data read out of the CFM image memory 6 
into RGB signals. 

The RGB coefficient generator 73 generates coeffi- 
cients of the RGB signals regarding the B-mode data and 
the CFM data respectively. The coefficients of the RGB 
signals of the B-mode data are a R , a Ql a B , and the coef- 
ficients of the RGB signals of the CFM data are b R , b G , 
b B . Values of these coefficients are determined in range 
ofOtol. 

Generation of these coefficients is determined 
according to the B-mode data, the CFM data, the thresh- 
old value B max , the threshold value CFMjh and mode 
signals, for example, by logic of following Items (1), (2), 
(3), In addition, the threshold value B max , the threshold 
value CFM TH and the mode signals are supplied from 
the controller 9. 

(1) When values of the B-mode data exceed the pre- 
scribed threshold value B max , the coefficients a R , 
aQ, a B are all made 1 and the coefficients b R , b G , b B 
are all made 0. In addition, the threshold value B max 
is provided so that the blood flow display for move- 
ment of organization of the object to be examined, 
i.e, for clutter component is prevented and artifact is 
not produced. The threshold value B max is adjusted 
by the controller 9. 

(2) When values of the B-mode data are prescribed 
threshold value B max or less and power values rep- 
resented by the CFM data are the prescribed thresh- 
old value CFMxh or more, the coefficients a R , a G , 
a B are all made 0 and the coefficients b R , b G , b B are 
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all made 1. In addition, the threshold value CFM-th 
in power display is provided in order to discriminate 
whether the portion during the signal processing is 
mainly the blood flow region (CFM-nH or more) or the 
organization region (less than CFM t h). The thresh- 5 
old value CFM TH is adjusted by the controller 9. 

(3) Otherwise, corresponding to the display mainly 
composed of B-mode images, the display mainly 
composed of CFM images or the display by compro- 
mise between both images, for example, (aR =zlq = 10 
a B =1, b R = b Q = b B = 0), (a R - aQ = a B = 0, b R - ba 

= b B » 1) or (a R = ao = a B » 0.6, b R = b G = b B » 0.3) 
is selected respectively. It is previously assigned 
which display should be selected. 

Relation between logic of such items (1 ), (2) , (3) 15 
and the image display will be described in detail in 
the later operation explanation. In addition, the RGB 
coefficient generator 73 having the logic function of 
the above-mentioned (1), (2), (3) is preferably con- 
stituted by the logic circuit of hardware from the view- 20 
point that the operation speed can be made high 
speed. However, the same function can be imple- 
mented by a program of a micro computer or the like. 
This case is advantageous in that the measure to 
changing, revision or the like becomes easy. 25 

The R signal generator 701 comprises multipli- 
ers 74, 75, an adder 76, changers 77 r 78 and a 
change controller 79. The multiplier 74 multiplies the 
R signal R B of the B-mode data outputted from the 
B-mode data RGB converter 71 by the output coef- 30 
ficient a R of the RGB coefficient generator 73 or the 
fixed coefficient 1 supplied through the changer 77. 

The multiplier 75 multiplies the R signal R c of 
the CFM data from the CFM data RGB changer 72 
or the fixed data 0 supplied through the changer 78 35 
by the output coefficient b R of the RGB coefficient 
generator 73. 

The adder 76 adds output signals of these mul- 
tipliers 74, 75, and supplies the result as the R signal 
for display to the image display 8. 40 

The change controller 79 controls changing of 
the changers 77, 78, and the control of the changing 
is carried out according to a mode signal and a mov- 
ing signal supplied from the controller 9. tn addition, 
the moving signal is a signal indicating that the blood 45 
flow display region is being moved. 

The mode signal is a signal representing, for 
example, four sorts of modes, i.e., B mode, speed 
mode, power mode and dispersion mode, in two bits, 
and the moving signal is a signal representing so 
whether the blood flow display region is being moved 
or not in one bit 

Based on these signals, the change controller 
79 controls changing of the changers 77, 78 accord- 
ing to logic of following items (4). (5), (6). 55 

(4) When the mode signal indicates the B mode, the 
changers 77, 78 are changed to the side of the con- 
tact B. 



(5) When the mode signal indicates the power mode 
and the moving signal indicates "moving", the 
changers 77, 78 are changed to the side of the con- 
tact B. 

(6) Otherwise, the changers 77, 78 are changed to 
the side of the contact A. 

Table 1 shows relation between input signals and 
output signals of such a change controller 79. 



Table 1 





movement 


moving 


not moving 


mode 


XY\Z 


1 


0 


B 


00 


1 


1 


speed 


01 


0 


0 


power 


11 


1 


0 


dispersion 


10 


0 


0 



Table 1 shows logic values of the output signal Q of 
the change controller 79 to logic values of the input sig- 
nals X, Y of two bits representing modes and the input 
signal Z of one bit representing moving of the blood flow 
display region. In addition, Q = 0 indicates a changing 
signal to the side of the contact A, and Q = 1 indicates a 
changing signal to the side of the contact B. 

Logical expression of the output signal Q satisfying 
Table 1 is shown by following formula 1 . 

Q = XY + XYZ Formula 1 

The G signal generator 702 and the B signal gen- 
erator 703 also have similar configuration to that of the 
R signal generator 701 , and generate the G signal and 
the B signal for display respectively and supply the sig- 
nals to the image display 3, 

The R signal generator 701 , the G signal generator 
702 and the B signal generator 703 are preferably con- 
stituted by the logical circuit of hardware from the view- 
point that the operation speed can be made high speed, 
but the same function as that of the multipliers 74, 75, 
the adder 76, the changers 77, 78 and the change con- 
troller 79 can be implemented by the program of the 
micro computer or the like. This case is advantageous in 
that the measure to changing, revision or the like 
becomes easy. 

Operation of the apparatus in such configuration will 
be described as follows. Figs. 3 to 5 are diagrams show- 
ing an example of image display by the apparatus in the 
embodiment of the present invention. In addition, these 
diagrams show also an example of image display by the 
method in the embodiment of the present invention. 

First as shown in Fig. 3, En the display surface 81 of 
the image display 8, state of displaying the B-mode 
image to the B-mode image display region 82 and car- 
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rying out the blood flow display of the power mode to the 
blood flow display region 84 will be described. Inaddition, 
the blood flow display region 84 Is clearly indicated by 
contour line on the screen. 

The state of Fig, 3 is the power mode, but when the s 
blood flow display region 84 is stopped, in the R signal 
generator 701 of the RGB circuit 7, the changers 77, 78 
are changed to the side of the contact A by the controller 
79. 

Therefore the multiplier 74 multiplies the output sig- 10 
nal R B of the B-mode data RGB converter 71 by the out- 
put coefficient a R of the RGB coefficient generator 73, 
and the multiplier 75 multiplies the output signal R c of 
the CFM data RGB converter 72 by the output coefficient 
b R of the RGB coefficient generator 73, and the output 15 
signals of these two multipliers 74, 75 are added by the 
adder 76 and supplied as the R signal lor display to the 
image display 8. 

The G signal generator 702 and the B signal gener- 
ator 703 also are in similar operation state and form the 20 
G signal and the B signal for display respectively, which 
are supplied to the image display 8. 

Since the RGB coefficient generator 73 generate the 
coefficient a Rt a G , a B and the coefficients b R , b G , b B 
according to the logic of (1) to (3), the image display 8 is 25 
supplied with following RGB signals. 

(1) ' When values of the B-mode data exceed the 
threshold value B max , since the coefficients a R > a G , 

a B are all 1 and the coefficients b Rl b G , b B are all 0 P 30 
in the R signal generator 701, the output signal Rb 
of the B-mode data RGB converter 71 is multiplied 
by 1 in the multiplier 74, and the output signal R c of 
the CFM data RGB converter 72 is multiplied by 0 in 
the multiplier 75, As a result, the output signal of the 35 
adder 76 becomes the R signal by only the B mode 
data. The G signal generator 702 and the B signal 
generator 703 also output the G signal and the B 
signal by only the B-mode data respectively. Conse- 
quently the B-mode image is displayed in the image 40 
display 8. 

(2) 1 When values of the B-mode data are the thresh- 
old value B max or less and power values of blood 
flow represented by the CFM data are the threshold 
value CFM TH or more, since the coefficients a R , a G , 45 
a B are all 0 and the coefficients b Rj b G , b B are all 1 , 

in the R signal generator 701, the output signal R B 
of the B-mode data RGB converter 71 is multiplied 
by 0 in the multiplier 74, and the output signal R c of 
the CFM data RGB converter 72 is multiplied by 1 in so 
the multiplier 75. As a result, the output signal of the 
adder 76 becomes the R signal by only the CFM 
data. The G signal generator 702 and the B signal 
generator 703 also output the G signal and the B 
signal by only the CFM data respectively Conse- 55 
quently the blood flow image is displayed in the 
image display 8. 

(3) ' When values of the B mode data are the thresh- 
old value B max or less and power values of blood 



flow represented by the CFM data are less than the 
threshold value CFM TH . corresponding to the dis- 
play mainly composed of B-mode images, the dis- 
play mainly composed of CFM images or the display 
by compromise between both images, each coeffi- 
cient becomes, for example, {a R -a G = a B =1 , b R - 
b Q = b B = 0), (a R = a Q = a B - 0, b R = Dq = b B = 1} 
or (a R = a G = a B = 0.6, b R = b G = b B = 0.3)respec- 
tively. Consequently, in the image display 8 r only the 
B-mode image is displayed in the display mainly 
composed of B-mode images, and only the blood 
flow image is displayed in the display mainly com- 
posed of CFM images, and the B-mode image and 
the blood flow image are displayed to overlap each 
other in semitransparent state in the display by com- 
promise between both images. 

Thus, since the RGB signal of the B mode data and 
the RGB signal of the CFM data are added with the out- 
put coefficient of the RGB coefficient generator 73 and 
becomes the RGB signals for image display, the dis- 
played image as shown in Fig, 3 displays the B-mode 
image including the tumor image 83 in the B-mode image 
display region 82 and displays the blood flow image in 
the blood flow display region 84. 

Next, description will be done regarding the case 
that the track ball 101 is operated and the blood flow dis- 
play region 84 is moved to the portion of the tumor image 
83 and the blood flow of the portion is displayed. 

If the blood flow display region 84 is moved, since 
the moving signal indicates "moving" during the moving, 
the change controller 79 changes the changers 77, 78 
to the side of the contact B. Thereby since the multiplier 
74 multiplies the output R B of the B-mode data RGB con- 
verter 71 by the fixed coefficient 1 and the multiplier 75 
multiplies the fixed data 0 by the coefficient b R , the output 
signal of the adder 76 becomes only the R signal of the 
B-mode image. Also in the G signal generator 702 and 
the B signal generator 703, similar operation is carried 
out and the G signal and the B signal of the B-mode 
image are outputted respectively. 

Therefore display of the blood flow is inhibited and 
the B-mode image is displayed also in the blood flow dis- 
play region 84, Consequently as shown in Fig. 4, even if 
the blood flow display region 84 being moved overlaps 
with the tumor image 83, since the tumor image 83 
appears, the target does not come out of sight. That is, 
effect is obtained in that the B-mode image of the target 
can be easily caught even while the blood flow display 
region 84 is moved. 

Also even if the direction of the transducer 1 is devi- 
ated at the way of moving and the tumor image 83 dis- 
appears, the direction is searched while viewing the 
screen, thereby the tumor image 83 of the target can be 
projected again. That is, effect is obtained in that the cor- 
rect direction of the transducer 1 can be easily secured 
while the blood flow display region 84 is moved. 

If the tumor image 83 of the target entirely enters the 
blood flow display region 84, then operation of the track 
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bail 101 is stopped and the moving of the display region 
is stopped. Thereby since the moving signal becomes 
"not moving", the change controller 79 returns the chang- 
ers 77, 78 to the side of the contact A so that the R signals 
based on the B mode data and the CFM data are sup- 5 
plied to the image display 8. Also in the G signal gener- 
ator 702 and the B signal generator 703, similar 
operation is carried out. 

As a result, as shown in Fig. 5. the blood flow at the 
portion securely recognized as the tumor image 83 is dis- 10 
played in the blood display region 84. That is, effect is 
obtained in that the blood flow at the desired portion can 
be displayed securely. 

In addition, the display means is not limited to that 
where the image is color-displayed by the RGB signal as is 
in the embodiment, but the display means carrying out 
the color display by other plural color element signals will 
do. Further even the display means displaying the blood 
flow not by color but by tone of monochrome or specific 
pattern (hatching or the like) belongs to scope of the dis- 20 
play means in the present invention. 

Also the moving means is not limited to the trackball 
as in the embodiment, but various sorts of operation tools 
for the figure moving, such as a mouth, a joy stick, a cur- 
sor key, a touch panel or the like, are included in scope 25 
of the moving means in the present invention. 

Also the display changing means is not limited to the 
micro computer or the like comprising the changers 77, 
78 and the changing controller 79 having hardware or 
software of the same function as in the embodiment. The so 
display changing means, in short, may be that changing 
the display mode of the screen into the B-mode display 
while the blood flow display region is moved, and the dis- 
play changing means having this function is included in 
scope of the display changing means in the present 35 
invention. 

As above described in detail, in the present inven- 
tion, since the B-mode image is displayed within the 
blood flow display region while the blood flow display 
region is moved, the B-mode image is displayed in the 40 
blood flow display region while the blood flow display 
region is moved and the blood flow image is displayed in 
the blood flow display region when the moving is 
stopped. Therefore effect ts obtained in that the B-mode 
image of the target can be easily caught even while the 45 
blood flow display region is moved. 

Claims 

1 . A method for ultrasonic blood flow display where a so 
blood flow image by power of an ultrasonic Doppler 
signal is displayed to a blood flow display region 
movable within a B-mode image display region, 

characterized in that the B-mode image is 
displayed within said blood flow display region while 55 
said blood flow display region is moved. 

2. An apparatus for ultrasonic blood flow display, com- 
prising: 



B-mode image forming means for forming a 
B-mode image based on an ultrasonic echo signal; 

blood flow image lorming means for forming 
a Wood flow image based on power of an ultrasonic 
Doppler signal; 

display means for displaying the B-mode 
image formed by said B-mode image forming 
means, and for displaying the blood flow image 
formed by said blood flow image forming means to 
a blood flow display region formed within a B-mode 
image display region; 

moving means for moving said blood flow dis- 
play means; and 

display changing means for displaying the B- 
mode image within said blood flow display region 
while said blood flow display region is moved. 
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